Abstract. Assembly line balancing of Type-E problem (ALB-E) is an attempt to assign the tasks to the various workstations along the line so that the precedence relations are satisfied and some performance measures are optimised. A majority of the recent studies in ALB-E assume that any assembly task can be assigned to any workstation. This assumption lead to higher usage of resource required in assembly line. This research studies assembly line balancing of Type-E problem with resource constraint (ALBE-RC) for a single-model. In this work, three objective functions are considered, i.e. minimise number of workstation, cycle time and number of resources. In this paper, an Elitist Non-dominated Sorting Genetic Algorithm (NSGA-II) has been proposed to optimise the problem. Six benchmark problems have been used to test the optimisation algorithm and the results are compared to multi-objective genetic algorithm (MOGA) and hybrid genetic algorithm (HGA). From the computational test, it was found NSGA-II has the ability to explore search space, has better accuracy of solution and also has a uniformly spaced solution. In future, a research to improve the solution accuracy is proposed to enhance the performance of the algorithm.
Introduction
Assembly Line Balancing (ALB) refers to the decision problem of optimally partitioning the assembly task among the workstations with respect to some objectives [1] . This research studies ALB-E with resource constraints, such as machine, tool and worker that are needed to conduct the assembly process for a particular product. In a real-world problem, there are limited numbers of machines and tools that can be used to assemble a certain product. In order to maximise the resource utilisation in assembly line, the number of resources must be taken into consideration while assigning the task in any workstation. Traditional Genetic Algorithm may give an accurate solution but it may not be able to search for an optimal solution for a more complex problem. For the purpose of finding one single optimal solution for multi-objective optimisation problem, Deb et al [2] suggested to convert the problem into a single-objective optimisation problem. In this paper, an Elitist Non-dominated Sorting Genetic Algorithm (NSGA-II) has been proposed to optimise the problem. ALB-E is a type of NP-hard optimisation problems with an extremely large number of feasible solutions [3] [4] [5] [6] . Advanced approach of algorithm is necessary to solve large-scale problems. The NSGA-II was developed to accommodate multi-objective optimisation problems. Other than the capability to solve a more complex and real world multi-objective optimisation problem, the other reason for choosing NSGA-II is its ability to find a better spread of solutions [7] .
In summary, it can be concluded that only a few researcher consider ALB-E in their research due to the complexity of the problem. To the best of author knowledge, no attempt has been carried out to implement NSGA-II in ALB-E with resource constraint (ALBE-RC). However, it is important to be concerned about these constraints because of limited number of resources in industry.
ALBE-RC Modelling
This section presents an approach for the optimisation of ALBE-RC problem through a simple representation diagram. The problem representation step starts with establish a liaison matrix which is used to generate feasible assembly sequences. Once the liaison matrix has been established, DeFazio's question and answer procedure is applied for the purpose of identifying the existence of precedence relations in assembly tasks. There are two questions that must be considered while evaluating each of the assembly task: (i) what tasks must be done prior to doing task i? (ii) what tasks must be left to be done after doing task i? [8] . The precedence graph mapping later can be formed after DeFazio's question and answer is applied. Then, the assembly data for proposed representation can be tabulated in n×4 table where n is the number of assembly task. The first column t denotes task time whereas the other three columns R A , R B and R C correspondingly represent type of resource used. Finally, a feasible assembly sequence need to be evaluated according to the objective functions. In this study, there are 3 objective functions that have to be measured: (i) minimise number of workstation (ii) minimise the cycle time (iii) minimise number of resources.
NSGA-II for ALBE-RC
Deb et al [2] first introduced an Elitist Non-dominated Sorting Genetic Algorithm (NSGA-II) as an improved version of NSGA. NSGA-II procedure starts with initializing a random population P i of size N. The parent population P i is sorted by the non-dominated sorting approach. New population Q i of size N is obtained by selection, crossover and mutation. New population R i of size 2N is formed by combining population P i and Q i (R i = P i U Q i ). The R i population is sorted by the nondominated sorting approach. Population belonging to the best non-dominated set F i is filled as a new population P i+1 . The counter i is set, i=1. The remaining non-dominated solutions are sorted again. This process continues until all the solutions are filled according to the non-domination level. The crowding distance of each solution with different non-domination levels is calculated. The population is sorted in descending order of magnitude of the crowding distance values. The flowchart of NSGA-II is shown in Fig. 1 .
Computational Experiment. Six benchmark problems are used to test the optimisation algorithm. All the test problems except the problem by Ağpak & Gökçen [9] have been modified by including the resources but the original informations are preserved. Small size problems are taken from Ağpak & Gökçen [9] and Ponnambalam et al [10] whereas medium and large problems are available on an online database for assembly line balancing research: www.assembly-linebalancing.de. The proposed algorithm is coded in Matlab 7.14 and the experiments are executed on a Windows 8, Intel® Core™ i5-4210U CPU 1.70 GHz with 4 GB of RAM. The following parameters have been used to run the experiments: Population size, 20; Number of generations, 200; Crossover probability, 0.8; Mutation probability, 0.3.
Comparison algorithms. Genetic algorithms (GAs) are mainly used by researchers for optimisation of large and complex problems specifically in ALB problem [11] [12] [13] . In order to measure the performance of the optimisation algorithm, three genetic algorithms, namely Nondominated sorting genetic algorithm (NSGA-II), Multi-objective genetic algorithm (MOGA) and Hybrid genetic algorithm (HGA) are tested with six test problems taken from open literature. Multiobjective Genetic Algorithm (MOGA) has been introduced by Fonseca and Fleming [14] in 1993. MOGA has the abilities to find a diverse set of non-dominated solutions and to explore a nearly-true to the optimal set of solutions [15, 16] . It has also been widely used in real-world optimisation problems to solve assembly line balancing problems. In the paper presented by Ponnambalam et al [10] , the researchers concluded that MOGA take more time in finding the global optimal solutions. A hybrid GA has been proposed by Chen et al [17] to solve the assembly line planning problem. The proposed GA is able to search for many feasible solutions in a short time. Genetic algorithm is an approach used in finding an optimal solution for a complex optimisation problem [12] . Valls et al [18] stated that hybrid genetic algorithm is high in quality and is a fast algorithm that is better than all state-of-the-art algorithms.
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Figure 1 Flowchart of NSGA-II

Results and Discussion
To evaluate the performance of the proposed algorithms, five performance indicators are measured. The results of the performance measure of the algorithms are presented in Table 1 and the discussions are given in the following sections.
Performance Indicators. The number of non-dominated solution (NDS) is measured to identify the ability of the algorithm to explore the search space. Meanwhile, Error Ratio (ER) and Generational Distance (GD) metrics measure the accuracy of solution. Spacing metric measures the uniformity of solution whereas maximum spread (Spread max ) is evaluated in order to determine the spread of solution. Details on these performance metrics can be referred in [15] . The results from the computational tests show that NSGA-II performs better in finding the non-dominated solutions for all six problems. It can be concluded that NSGA-II has the ability to explore the search space compared to MOGA and HGA. Small ER and small GD will increase the accuracy of the solution.
In comparing with MOGA and HGA, NSGA-II has the smallest ER. Therefore, it can be stressed Key Engineering Materials Vol. 701
that NSGA-II has better accuracy of solution. In addition to the result of Error Ratio, the result of GD also showed that the performance of NSGA-II dominates the performance of MOGA and HGA in having high accuracy of solution. From Table 1 , it is apparent that NSGA-II has the smallest value of GD for all problems compared with MOGA and HGA Out of five performance measures that have been used to compare the algorithms, NSGA-II consistently performed well in three indicators; (i) Number of Non-Dominated Solution, NDS (ii) Error Ratio, ER (iii) Generational Distance, GD. In consequence, it is adequate to prove that the proposed NSGA-II has overcome the performance of the other two comparison algorithms, MOGA and HGA for multi-objective optimisation problem.
Conclusion
This paper focuses on assembly line balancing of Type-E problem with resource constraint (ALBE-RC) for a single-model. In this paper, an Elitist Non-dominated Sorting Genetic Algorithm (NSGA-II) is proposed to optimise the problem. Based on the computational test that has been carried out, NSGA-II has the ability to explore the search space and has better accuracy of solution compared to other algorithms. In future, a research to improve; (i) uniformity of solution (ii) spread of solution are proposed to enhance the performance of the algorithm for all sizes of problem.
